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SYNOPSIS
The Thesis entitled “Studies directed towards the stereoselective synthesis of the Attenol A and development of new synthetic methodologies” has been divided into three chapters.
Chapter I: This Chapter deals with an introduction to carcinogenicity, various therapeutic control strategies which include some of the potent cytotoxic drugs and the approaches cited in the literature for the synthesis of bicyclic triol Attenol A & B.
CHAPTER II: This chapter describes the present work i.e., studies directed towards the stereoselective synthesis of Attenol A.
Chapter III: This chapter describes the development of new synthetic methodologies, and the work carried out is distributed into two sections, A & B.
Section A: This section describes Montmorillonite clay catalyzed synthesis of optically pure 1,2,3,4-tetrahydroquinolines.
Section B: This section deals with bismuth (III)-triflate [Bi(OTf)3]-catalyzed condensation of Isatin with Indoles and Pyrroles​: A Facile Synthesis of 3,3-Diindolyl- and 3,3-Dipyrrolyl Oxindoles.

Chapter I: Introduction to carcinogenicity, various therapeutic control strategies which include some of the potent cytotoxic drugs and the approaches cited in the literature for the total synthesis of bicyclic triol Attenol A & B. 

CHAPTER II: This chapter describes the stereoselective approach of present work i.e., the introduction to Attenol A & B, one of the identified marine natural products with potent anticancer properties, its retrosynthesis and the studies directed towards the stereoselective synthesis of Attenol A.

INTRODUCTION: Attenol A & B (Fig 1) are marine natural products, which were isolated in1999 from the Chinese bivalve Pinna attenuata by Uemura and coworkers. They are isomeric triols differing from each other only by which hydroxyl group are involved in the ketal formation. Attenol A (1) has 1,6-dioxa-spiro4.5 decane and attenol-B (2) has 6,8- dioxabicyclo 3.2.1 octane units as main structural features. The biological studies of Attenol A and Attenol B exhibited moderate cytotoxicity against P388 cells (Attenol A: 24g mL-1; Attenol B: 12g mL-1). Due to their interesting biological activity, natural scarcity and also due to their densely functionalized asymmetric structures, their preparation poses interesting challenges to synthetic organic chemists. 


Attenol A & B (Fig 1)

RETROSYNTHESIS: 
The retrosynthetic strategy followed in the thesis work for the synthesis of Attenol-A (1) is outlined in scheme I. The first disconnection could be the opening of spiroketal ring to alkyne diol, the spiroketal moiety of Attenol A could be considered to result from cyclization of alkyne diol. The alkyne diol could be constructed by coupling reaction between alkyne fragment A (3) and alcohol fragment B (4). Fragment A containing 1,3 anti diol system could be prepared by Prins cyclization of simple homoallylic alcohol 8 and aldehyde 7.  The cis-disubstituted olefin in compound 4 (Fragment B) could be introduced by Lindlar reduction of disubstituted alkyne in disubstituted allyl alcohol 6 after series of reactions. The compound 6 might be prepared by the coupling of 3-butyne-1-ol 10 and epoxide 9. The epoxide 9 might be conveniently prepared by 11, which could be easily prepared from D-Mannitol.


Scheme I


The main aim of the thesis is to synthesize selectively enantiomerically pure Attenol A, as it has more cytotoxicity compared to its counter part. The core structure of attenol A poses an interesting synthetic challenge. It requires the construction of a 4.5 spiroketal moiety, three continuous stereocenters, and cis-disubstituted & terminal olefins.

SYNTHESIS OF FRAGMENT-A: This section describes the synthesis of Fragment A containing anti-1, 3-diol system via Prins cyclization as a key step.


Fragment A (3)

The Prins cyclisation has been emerged as a powerful synthetic tool for the construction of multisubstituted tetrahydropyran system and has been utilized in the synthesis of several natural products. The use of Prins cyclisation has been explored in the synthesis of various polyketide intermediates and explored its application in the synthesis of some natural products.
Herein, a strategy is described for the synthesis of anti-1,3-diol system (Fragment A) from trisubstituted tetrahydropyran (THP) (5) which in turn was constructed through a highly stereoselective Prins cyclisation. 
The synthesis of fragment A commences from epichlorohydrin as described in scheme II. Epichlorohydrin 12 on treatment with benzyl alcohol in Tetrahydrofuran (THF) yielded benzyl glycidyl ether 13 using a well documented procedure. Benzyl glycidyl ether on exposure to Jacobsen asymmetric kinetic resolution yielded (R) - benzyl glycidyl ether 14. Reaction of 14 with vinyl magnesium bromide, formed from vinyl bromide and magnesium in THF, in presence of CuCN resulted the coupled product 15 which on debenzylation gave homoallylic alcohol 8.         

Scheme II

Aldehyde 7 required for the Prins cyclized product 5 is prepared from 1,6-hexane diol 16 as shown in scheme III. The 1,6-hexane diol 16 on monoprotection with benzyl bromide yielded 6-(benzyloxy) hexan-1-ol 17, which when subjected to oxidation with Pyridinium chlorochromate (PCC) in Dichloromethane (DCM) furnishes 5-benzyl oxy hexanal 7. Subjection of 5-benzyl oxy hexanal 7 and homoallylic alcohol 8 to Prins cyclization in the presence of TFA resulted crude trifluoracetate 18 which upon alkaline hydrolysis with potassium carbonate (K2CO3) in methanol (MeOH) yielded trisubstituted tetrahydropyran (THP) 5.    


Scheme-III

 The primary alcohol of 5 is protected as tert-butyldimethylsilyl (TBS/TBDMS) ether using TBSCl, imidazole and catalytic 4-Dimethylaminopyridine (DMAP) to give 19. The secondary alcohol is protected as its methoxymethyl (MOM) ether 20, using Chloromethyl methyl ether MOM-Cl in DCM which on cleavage of benzyl ether with Li in liquid ammonia resulted compound 21 quantitatively. Tosylation of 21 with 1.1 equivalents of tosyl chloride in the presence of triethylamine (TEA) in CH2Cl2 produced primary tosylate 22, which on exposure to Sodium iodide (NaI) in refluxing acetone gave the corresponding iodide 23 in 24 hours.  The iodo compound 23 on treating with Sodium hydride (NaH) in dry Dimethylformamide (DMF) affords the corresponding eliminated product, 24 as shown in scheme IV.



Scheme-IV

The TBS in tetrahydropyran 24 when subjected to deprotection using tetra-n-butylammonium fluoride (TBAF) in THF gave corresponding alcohol 25, which on chlorination by treating with triphenylphosphine (TPP), sodium bicarbonate (NaHCO3) in carbon tetrachloride (CCl4) yielded chloromethyl pyranyl 26. Compound 26 when treated with lithium amide (LiNH2) in liquid ammonia (Liq.NH3) resulted anti 1,3 diol compound 27 with required stereo centers. The primary hydroxy group of compound 18 was protected as its silyl ether 3 with tert-butyldiphenylsilyl chloride (TBDPSCl) and TEA in DCM to furnish fragment A 3 as shown in scheme V.


Scheme-V

SYNTHESIS OF FRAGMENT B: The synthesis of fragment B as shown in scheme VI commences with D-mannitol 28. 


D-Mannitol 28, when on treated with concentrated Sulphuric Acid, (conc. H2SO4) in acetone provided 1,2; 3,4; 5,6-tri-O-isopropylidene-D-mannitol 29. Compound 29 on partial hydrolysis with dilute hydrogen chloride (dil.HCl) in methanol under controlled conditions gave 1,2; 3,4-di-O-isopropylidene-D-mannitol 30, which when subjected to cleavage with 2 equivalents of sodium metaperiodate (NaIO4) in DCM afforded the corresponding aldehyde 31, followed by reduction with sodium borohydride (NaBH4) in methanol yielded alcohol 32. 


Scheme-VI

Alcohol 32 was chlorinated with TPP, NaHCO3 in CCl4 provided the corresponding chloro compound 33. Also alcohol 32 when treated with TPP, I2 and imidazole as base in ether: acetonitrile (3:1) furnished corresponding iodo compound 34. The choro compound 33 when refluxed in sodium sand in ether gave corresponding secondary allylic alcohol 35, which is also obtained when the iodo compound 34 is refluxed with 3.0 equivalents of activated zinc in dry methanol.  The anti alcohol of compound 35 was converted to the required syn alcohol 11 via mitsnobu inversion using diethyl azodicarboxylate (DEAD), TPP and 4-nitro benzoic acid followed by hydrolysis of the benzoyl ester with K2CO3 in MeOH (Scheme VII). 

Scheme VII

Another method was visualized to obtain exclusively the syn allyl alcohol 11, which was successfully implemented in the synthesis as shown in scheme VIII. This scheme also had the same starting material, i.e., D-Mannitol 28. The syn configuration at C-3 and C-4 in D-mannitol is exploited in this scheme VIII. Compound 28, is converted to 1,2; 3,4-di-O-isopropylidene-D-mannitol 30 as that in scheme VI. Diol 30 when subjected to dimesylation when treated with 2.5 equivalents of methanesulfonyl chloride (MsCl) in pyridine at 0 C resulted in dimesyl-D-mannitol 36.  Dimesylate 36, when dissolved in acetone along with NaI and heated to 100 C yielded olefin 37, which when subjected to partial deprotection using dil. HCl in methanol under controlled condition lead to deprotection of primary acetal ring to give diol 38. The diol 38 when subjected to cleavage with NaIO4 in DCM afforded the corresponding aldehyde 39, which is then reduced with NaBH4 in methanol yielded alcohol 40. Upon deprotection of 40 with dil. HCl in methanol gave triol 41. Triol 41 on treatment with 2,2 DMP, catalytic p-TSA in dry dimethyl sulfoxide (DMSO) afforded compound 11 as major product. 
 
 Scheme-VIII

 The alcohol 11, which is obtained through above schemes is now protected as its p-methoxybenzyl (PMB) ether using NaH and p-methoxy benzyl bromide in presence of catalytic Tetrabutylammonium iodide (TBAI) in dry THF, at 0 C to give 42 in 90% yield, followed  by acetonide  deprotection in presence of dil. HCl/MeOH yielded corresponding  diol 43. Selective tosylation of primary hydroxyl group of 43 using 1.05 equivalents of tosyl chloride followed by elimination with K2CO3 in methanol afforded the epoxide 9 in 90% yield(over 2 steps). Opening of epoxide in compound 9 with benzyl oxy ether 10 and n-Butyllithium (n-BuLi), in the presence of Boron trifluoride etherate (BF3.OEt2) in dry THF resulted in propargyl-coupled product 45. Compound 10 is obtained when 3-butyn-1-ol 44 is treated with NaH (2eq) and benzyl bromide (1.05eq) in dry THF at 0 C. The free alcohol of the coupled product 45 is then protected as its benzyl oxy ether 46 using NaH, Benzyl bromide and catalytic TBAI in dry THF. The PMB deprotection of compound 46 was simply carried out using DDQ in DCM-H2O for 1 hour to afford compound 6 as shown in scheme IX.

Scheme IX

Reaction of allyl alcohol 6 with N-bromosuccinamide and ethyl vinyl ether in dichloromethane at 0 C afforded bromoacetal 47 in 92% yield. The purified bromoacetal was further reacted for free radical cyclization using freshly distilled tri-n-butyltin hydride (1.1 eq. ) and catalytic amount of azobisisobutyronitrile as a radical initiator in refluxing dry benzene to afford cyclic ethyl acetal 48 (96:4 trans:syn ratio). Cyclic ethyl acetal 48, when treated with 80% acetic acid (AcOH) in H2O under reflux conditions resulted in lactol 49, which on treatment sodium borohydride afforded corresponding diol 50. The primary alcohol of diol 50 was selectively protected with TBSCl to afford 51. The secondary alcohol, 51 is then protected with MOMCl to give 52, then the TBS group is deprotected with TBAF in THF resulted a free primary alcohol 53, which was subjected to partial hydrogenation with Lindlar’s catalyst furnished cis-olefin, 4, key fragment B as shown in scheme X.


Scheme X

COUPLING OF FRAGMENT A AND B: 
Fragment B was converted to corresponding iodo compound on treatment with TPP, I2 and imidazole as base in ether: acetonitrile (3:1) followed by its coupling with fragment A (3) using n-Butyl lithium under different condition didn't give the expected product as shown in scheme XI. 


Scheme XI

Again retrosynthetic analysis was revised to achieve the coupled product 2 by conversion of fragment B to triflate followed by its coupling with fragment A as shown in scheme XII.


SchemeXII
Fragment B (4) was subjected to triflic anhydride in presence of 2,6-lutidine in dry DCM to obtain the corresponding triflate 54, however it yielded the cyclic ether 55. The formation of cyclic ether 55 might be attributed to the presence of methoxy methyl (MOM) protection in the compound 4. Hence MOM was replaced by TBS to facilitate the corresponding triflate formation. Both the primary and secondary alcohols of the compound 52 were protected with TBS Cl to yield the di TBS protected compound 56 and attempted to selectively deprotect the primary alcohol to successfully obtain compound 57. However, attempts to convert 57 to corresponding triflate were also unsuccessful and again lead to the formation of cyclic ether 55. Therefore, it was felt worthwhile to change the concept of coupling with tosylated product instead of from the corresponding triflate to obtain the desired product 2, as reported in the literature the tosylated compounds tend to facilitate these kinds of couplings. Accordingly, compound 56 was attempted to obtain the corresponding tosylated compound but it also yielded cyclic ether 55 (Scheme XIII).


Scheme XIII

Expecting that the protecting groups are interfering with the course of reaction, it is planned to change the protecting groups in order to achieve the expected target. In this direction, introducing PNB in place of MOM might provide desired result; PNB was introduced at secondary position in compound 51 and obtained the expected 58. However, when compound 58 was attempted for deprotection of TBS at primary position, lead to the PNB rearrangement from secondary position to primary position, compound 60 (Scheme XIV).


Scheme XIV

It was then envisioned that if fragment B (4) has aldehyde instead of iodo or triflate for the coupling with fragment A (3), there would be possibility of formation of the desired coupled product,2. Therefore, the primary alcohol 4 was oxidized to aldehyde using Dess Martin periodinane in dichloromethane to afford 61 in 95% yield.  The coupling of aldehyde 61 with fragment A using n-BuLi, in the presence of BF3.OEt2 in dry THF at -78 oC resultedthe coupled product, 62 (Scheme XV). 

Scheme XV

However, the attempts to eliminate the hydroxyl group (deoxygenation) at carbon 10 in compound 62 using various methods such as Barton-McCombie deoxygenation, chloro diphenyl silane, & forming thioether followed by elimination didn't give the expected product, 2. Then efforts were made for spiroketal formation, 65 as it might facilitate to obtain the desired product as described in scheme XV. By hydrolysis of di MOM ether to corresponding triol 64 employing bromotrimethyl silane in DCM at -40ºC for 20 min. Disappearance of resonances due to MOM group and presence of other required signals in 1H NMR spectrum confirmed the conversion to expected compound,64. A strong absorption band at 3402 cm-1 in IR spectrum further confirmed the transformation. The triol 64 when subjected to spiroketal formation using best known methods including palladium catalyst didn't give the expected product 65 (Scheme XVI). 


Scheme XVI

In order to complete the synthesis of Attenol A, the above methodologies have been attempted. By all means the synthetic strategy has reached up to penultimate stage after having preparing several key and critical intermediates and carrying out many named and required reactions. As the quantum of work is bulged out in proportion it is advised to compile the entire work carried out so far in a form of thesis. However with a different strategic approach the attempt in achieving the total synthesis of Attenol A is under unveil and progress.









CHAPTER-III:
Section A: Montmorillonite Clay Catalyzed Synthesis of Enantiomerically Pure
1,2,3,4-Tetrahydroquinolines
Tetrahydroquinolines are the core structures in various natural products and synthetic pharmaceuticals, such as anti-arrhythmic and cardiovascular agents, anticancer drugs, immunosuppressants, and ligands for 5-hydroxytryptamine (5-HT1A) and N-methyl D-aspartate (NMDA) receptors. The pyranoquinoline fragment is present in many alkaloids, such as flindersine, oricine, and veprisine. The derivatives of these alkaloids possess a wide range of biological activities such as psychotropic, antiallergic, anti-inflammatory, and estrogenic activities.
Functionalized furanoquinolines are common substructures found in many biologically active natural products such as skimmianine and halfouridine. Consequently, many novel synthetic routes have been developed for the synthesis of tetrahydroquinoline derivatives. Lewis acid catalyzed aza-Diels–Alder reactions of N-arylimines with electron-rich dienophiles are powerful synthetic tools for the construction of nitrogen-containing heterocycles. Tetrahydroquinoline derivatives have been synthesized in a one-pot operation by 1:2 coupling of arylamines with cyclic enol ethers or hemiacetals using acid catalysts.  The use of solid acids such as clays, zeolites, heteropoly acids, and ion-exchange resins as catalysts has received great attention in different areas of organic synthesis. Heterogeneous solid acids are advantageous over conventional homogeneous acid catalysts as they can be easily recovered from reaction mixtures by simple filtration and can be reused after activation thereby making the process more economically viable. In many cases, heterogeneous catalysts can be recovered with only minor changes in activity and selectivity so that they can be conveniently used in continuous flow reactions. Among the various heterogeneous catalysts, clays are very attractive because of their low cost, reusability, flexibility with modified acid strengths and ease of handling, environmental compatibility, nontoxicity and experimental simplicity.
Treatment of aniline with 2-deoxy-D-ribose in the presence of montmorillonite KSF clay afforded sugar-fused tetrahydroquinolines 2a and 3a in a combined yield of 85% (Scheme XVII, Table I).     

Scheme XVII

The reaction proceeded smoothly at room temperature and the products were obtained as a mixture of 2a and 3a in a 1:1 ratio. The isomers 2a and 3a were easily separated by column chromatography. The product 2a was characterized by extensive NMR experiments using nuclear Overhauser effect spectroscopy (NOESY), double quantum filtered correlation spectroscopy (DQFCOSY), heteronuclear single quantum correlation spectroscopy (HSQC) and heteronuclear multiple bond correlation spectroscopy (HMBC) experiments.
        
                                
Figure 1 Important NOE relationships and energy-minimized structure of compound 2a
	         
Figure 2 Important NOE relationships and energy-minimized structure of compound 3a
Table I: Montmorillonite Clay Promoted Synthesis Of Fused Tetrahydroquinolines
Arylamine					Time(h)	Productsa	Yield(%)b
	R1	R2	R3	R4			
1a	H	H	H	H	5.0	2a3a	85
1b	H	H	Cl	H	6.0	2b3b	80
1c	H	H	Me	H	5.0	2c3c	87
1d	H	H	F	H	9.0	2d3d	70
1e	H	Cl	H	H	7.0	2e3e	81
1f	H	Me	H	H	6.0	2f3f	85
1g	Cl	H	Cl	H	7.0	2g3g	75
1h	H	Cl	F	H	9.5	2h3h	70
1i	Cl	Me	H	H	7.5	2i3i	86
1j	Cl	H	H	H	6.5	2j3j	81
1k	Me	H	H	H	7.0	2k3k	86
1l	Me	H	H	Me	6.5	2l3l	80
1m	Cl	H	Cl	Cl	8.0	2m3m	72
a Products were obtained as a mixture of 2 and 3 in 1:1 ratio.b yield refers to pure products after chromatography.


Section B: This section deals with Bi(OTf)3-catalyzed condensation of Isatin with Indoles and Pyrroles​: A Facile Synthesis of 3,3-Diindolyl- and 3,3-Dipyrrolyl Oxindoles
3,3-Diaryl oxindoles are known to exhibit a wide range of biological activities such as antibacterial, antiprotozoal and anti-inflammatory behavior. Generally, 3,3-diaryl oxindoles are prepared by acid-catalyzed condensation of arenes with isatin. Recently, isatin-dibarbiturates have also been prepared from isatin and barbituric acid.
However, there are no precedents for the condensation of isatin with heteroaomatics, such as indoles and pyrroles, with which to prepare diindolyl or dipyrrolyl isatin analogues.
Lanthanide triflates are unique Lewis acids that are currently of great research interest. Their high catalytic activity, low toxicity, moisture and air tolerance and their recyclability, make lanthanide triflates attractive alternatives to conventional Lewis acids. However, lanthanide triflates are rather expensive and thus their use in large-scale synthesis is limited. Therefore, low cost and more efficient catalysts are obviously desirable.  
Recently, bismuth(III) triflate has attracted the interest of synthetic organic chemists because it is inexpensive and can be easily prepared in the laboratory, even on multigram scale, from commercially available bismuth(III) oxide and triflic acid. Owing to its unique catalytic properties, bismuth(III) triflate has been extensively used for a plethora of organic transformations. For example, recently, bismuth (III) triflate has been utilized as an efficient catalyst for the conjugate addition of indoles to unsaturated ketones and quinones.
Indoles and pyrroles undergo a rapid condensation with isatin in the presence of 2 mol% of Bi(OTf)3, under mild reaction conditions, to afford the corresponding 3,3-di(3-indolyl)- and 3,3-di(2-pyrroryl)oxindoles in excellent yields and high regioselectivity as shown in scheme 1 and 2 respectively (Scheme XVIII).  


Scheme XVIII
This method is ideal for the direct introduction of indoles and pyrroles onto an isatin moiety at the 3-position (Scheme XIX)


Scheme XIX

The probable pathway seems to be an addition of the indole to the carbonyl group of isatin, followed by the condensation of a second indole moiety on the same carbon, resulting in the formation of 3,3-di(3-indolyl)oxindole (Scheme XX).




Scheme XX




Table II: Bi(Otf)3-Catalysed Synthesis Of 3,3 Diindolyl Or Dipyrrolyl Oxindoles	
Entry	Indole/Pyrrole11	Oxindole2	Producta3	Yield(%)b	Time(h)
					
a	R = H; R' = H; X = H	3a	92	3.0
b	R = H; R' = 2-Me; X = H	3b	95	2.5
c	R = H; R' = 2-Me; X = H	3c	89	3.5
d	R = 5-Br; R' = H; X = H	3d	93	3.0
e	R = 7-Et; R' = H; X = H	3e	91	2.5
f	R = H; R' = 2-CO2Et; X = H	3f	85	3.0
g	R = H; R' = 2-Me; X = Boc	3g	82	4.0
					
h	X = H		4h	87	3.0
i	X = Me		4i	80	4.0
a All products were characterized by 1H NMR and mass spectroscopy.b Unoptimised isolated yields
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